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In order to study the chemical oscillatory behavior and mechanism of a new chlorine dioxide-iodide ion-methyl acetoacetate
reaction system, a series of experiments were done by using UV-Vis and online FTIR spectrophotometric method. The initial
concentrations of methyl acetoacetate, chlorine dioxide, potassium iodide, and sulfuric acid and the pH value have great inﬂuence
on the oscillation observed at wavelength of 289nm. There is a preoscillatory or induction period, and the amplitude and the
number of oscillations are associated with the initial concentration of reactants. The equations for the triiodide ion reaction
rate changing with reaction time and the initial concentrations in the oscillation stage were obtained. Oscillation reaction can be
accelerated byincreasing temperature.Theapparent activation energies in termsof theinduction periodandtheoscillation period
were 26.02KJ/mol and 17.65KJ/mol, respectively. The intermediates were detected by the online FTIR analysis. Based upon the
experimental data in this work and in the literature, a plausible reaction mechanism was proposed for the oscillation reaction.
1.Introduction
Chemical oscillations are systems of chemicals that exhibit
time-based ﬂuctuations when they are far from equilibrium.
The most studied chemical oscillation is the Belousov-
Zhabotinsky (BZ) reaction, which is one of a class of reac-
tions that serve as a classical example of nonequilibrium
thermodynamics, resulting in the establishment of a non-
linear chemical oscillator. The detailed mechanism was
ﬁrst described by Field et al. (FKN) [1]. Field and Noyes
constructed a simpliﬁed mathematical model, now known
as the Oregonator [2]. Chlorite- and chlorine-dioxide-based
chemical oscillations play an important role in “nonlinear
chemistry.” Chlorite-iodide reaction has become, next to
the Belousov-Zhabotinsky (BZ) reaction, perhaps the most
widely studied reaction in nonlinear chemical dynamics.
Thesestudieshavebeenconcernedwiththesystemnonlinear
features, such as oscillations, bistability, stirring and premix-
ing eﬀects, spatial phenomena [3], and detailed mechanistic
investigations.
Chlorine dioxide and sodium chlorite have close con-
nection in the reaction. They can transfer each other in the
wholepHranges.Theoxidationofiodidebychlorinedioxide
was reported by Bray where it was used in the analytical
determination of chlorine dioxide [4]. The kinetic study
of the reaction between chlorine dioxide and potassium
iodideinaqueoussolutionwasinvestigatedbyFukutomiand
Gordon where two distinctly diﬀerent rates were observed
in the pH range 5.5–8.5 [5]. The ﬁrst reaction corresponds
to the rapid formation of the intermediate [ClO2I
−]. The
second corresponds to the decomposition of the interme-
diate, which results in the formation of ClO2
− and I2.T h e
reaction between iodide ion and chlorite ion exhibits a
remarkable variety of kinetic phenomena [6]. Responses to
single and periodic pulse perturbations have been studied
experimentally and numerically by Dolnik and Epstien for
the reaction of chlorine dioxide and iodide ion in a stirred
tank reactor [7]. Excitability with transient oscillations was
obtained for perturbations by chlorine dioxide or chlorite,
while stimulation by iodide produced no excitable response.
The dynamical behavior of the chlorine dioxide-iodide
reaction has been studied in a system consisting of two
continuous ﬂow stirred tank reactors (CSTRs) [8]. By
introducing an additional reactant to chlorite-iodide system2 The Scientiﬁc World Journal
that can react to regenerate the iodide consumed during
each cycle of oscillation, De Kepper et al. constructed the
chlorite-iodate-thiosulfate and the chlorite-iodide-malonic
acid (MA) systems, which oscillate in a closed (batch) as well
as in an open system [3, 9, 10]. The batch oscillation in the
reaction of chlorine dioxide with iodine and malonic acid
was studied by Lengyel et al. [11–13]. The modeling of the
Turing structures in the chlorite-iodide-malonic acid-starch
reaction system was also further investigated [14, 15].
Illuminationofthechlorinedioxide-iodine-malonic acid
reaction with visible light suppresses oscillations and shifts
the steady state of the reaction to lower concentrations of
iodide ions [16]. In the system with starch, illumination
results in a strong decrease of the steady-state concentration
of the triiodide-starch complex. They suggested a simple
mechanism, in which iodine atoms produced by photodis-
sociation of molecular iodine initiate reduction of chlorine
dioxide to chlorite and oxidation of iodide ions to iodine.
The oxidation of iodide ion by chlorine dioxide has been
studied by stopped-ﬂow techniques at I = 1.0mol/L
(NaClO4)[ 17]. A two-term rate law was conﬁrmed for the
reaction. Strier et al. and Szalai and De Kepper investigated
the Turing patterns, spatial bistability, and front interactions
in the [ClO2,I 2,I
−,C H 2(COOH)2]r e a c t i o n[ 18, 19].
The development of spiral pattern in a model represent-
ing chlorite-iodide-malonic acid reaction was investigated
theoretically and numerically by Riaz and Ray [20]. A set
of serially coupled ﬂow reactors was modeled by Long
et al. which contained chlorite-iodide oscillators [21]. By
independently varying the reactor ﬂow rates it is possible to
produce oscillatory systems with diﬀering periods where the
ratio of the period of oscillation between reactors is always
an integer value.
In previous papers we have studied the chlorine dioxide-
iodine-malonic acid-sulfuric acid oscillation reaction [22]
and sodium chlorite-iodine-ethyl acetoacetate oscillation
reaction [23]. As is known, methyl acetoacetate (MAA) and
malonic acid (MA) have similar properties in that both
molecules contain an active CH2 group. By using methyl
acetoacetate instead of malonic acid, oscillation should also
occur for the system of ClO2-KI-MAA. In order to study
the chlorine dioxide-iodide-methyl acetoacetate oscillator
reaction better, it is necessary to investigate all of the factors
that inﬂuence the reaction. Taking into account these factors,
we found that oscillations can occur at 289nm for the
triiodide ion. Equations for the triiodide ion reaction rate
changing with reaction time and the initial concentrations
in the oscillation stage were obtained. The intermediates
were detected by online FTIR analysis. A plausible reaction
mechanism was proposed for the oscillation reaction.
2.MaterialsandMethods
2.1. Materials. Chlorine dioxide aqueous solutions were
prepared from sodium chlorite and dilute sulfuric acid and
were puriﬁed by bubbling of the resulting ClO2 through a
10% sodium chlorite aqueous solution to remove trace Cl2,
then absorbing it in distilled water. Stock solutions of ClO2
were stored in darkness at 5◦C. The ClO2 concentration was
determined by the iodometric titration method. Potassium
iodide solution was prepared by dissolving a certain amount
of potassium iodide solid (AR) in a 500mL measuring ﬂask
ﬁlled with distilled water. A methyl acetoacetate (MAA)
aqueous solution was prepared by dissolving 3.00mL methyl
acetoacetate in a 500mL measuring ﬂask ﬁlled with distilled
water. Citric acid-disodium hydrogen phosphate buﬀer
solutions with diﬀerent pHs were prepared from 0.2mol/L
Na2HPO4 solution and 0.1mol/L citric acid solution. The
sulfuric acid concentration was 0.04825mol/L. All other
chemicals were of the highest purity commercially available
a n dw e r eu s e da sr e c e i v e d .
2.2. Methods. The reaction was started by injecting a small
volume of one of the reactants into a mixture containing
the other components inside a spectrophotometric cell.
The mixing time is about 2 or 3s. Spectrophotomet-
ric measurements were performed in a TU-1800PC UV-
Vis spectrophotometer (Beijing Puxi Tongyong Instrument
Company, Beijing, China). A complete spectrum of the
reaction mixture could be obtained at each second of
reaction time. All measurements were performed at room
temperature.
For the experiment of the temperature inﬂuence on
the oscillation, a super electric-heated thermostatic water
bath was used. The temperature of the water bath was set
to 25◦C, 30◦C, 40◦C, 45◦C, and 50◦C, respectively. The
reactants were heated in the water bath. Following the above
operation procedure, a group of oscillation curves about the
absorbance of I3
− changing with reaction time at diﬀerent
temperatures could be obtained.
2.3. Online FTIR Analysis during the Oscillation Reaction.
The online FTIR analysis was performed on a ReactIR 4000
spectrophotometer (Mettler-Toledo AutoChem, Inc., USA).
FTIR spectra were recorded over the 648 to 4000cm−1
wavenumber range at a resolution of 8cm−1.T h er e a c t i o n
conditions were ﬁxed at [MAA]0 = 6.29 × 10
−3 mol/L,
[H2SO4]0 = 4.91 × 10
−3mol/L, [ClO2]0 = 7.60 ×
10
−4mol/L, and [KI]0 = 3.62 ×10
−4mol/L.
3. Results and Discussion
3.1. Wavelength Selection. Figure 1 gives the UV-Vis spec-
trum of ClO2-KI-MAA-H2SO4 reaction system at equilib-
rium.Therearetwoabsorptionpeaksat289nmand350nm,
which should be the characteristic peaks of triiodide ion
[24]. Therefore, the wavelength of 289nm is selected in the
following investigation.
3.2. Potassium Iodide Initial Concentration. We carried out
the reaction of ClO2-KI-MAA in H2SO4 medium by mea-
suring the absorbance change with reaction time at 289nm.
The reaction conditions were ﬁxed at [MAA]0 = 6.29 ×
10
−3mol/L, [ClO2]0 = 8.77 × 10
−4mol/L, and [H2SO4]0 =
3.50 × 10
−3mol/L by changing the initial concentration of
potassiumiodide.Figure 2givestheabsorbancechangeswithThe Scientiﬁc World Journal 3
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Figure 1: The UV-Vis spectrum of the reaction system.
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Figure 2: The absorbance versus reaction time at 289nm for the
triiodide ion. [ClO2]0 = 8.77 × 10
−4 mol/L, [MAA]0 = 6.29 ×
10
−3 mol/L, [H2SO4]0 = 3.50 × 10
−3 mol/L, [KI]0 = 2.72 ×
10
−3 mol/L(curv e1),3.23×10
−3 mol/L(curve2),3.40×10
−3 mol/L
(curve 3), 3.57×10
−3 mol/L( c u rv e4 ) ,3 .74×10
−3 mol/L (curve 5),
4.08 ×10
−3 mol/L (curve 6).
reaction time at 289nm for the triiodide ion. Successive
curves are shifted up by an absorbance unit for better
viewing, since without a shift the curves overlap. A similar
treatment was also done in Figures 3 to 8. The oscillation
phenomenon does not occur as long as the reactants are
mixed. There is a preoscillatory or induction period. The
oscillation phenomenon is obvious in the range of [KI]0 =
2.72 × 10
−4mol/L − 4.08 × 10
−4mol/L. The amplitude and
the number of oscillations are associated with the initial
concentration of potassium iodide, the amplitude increases
with the initial concentration of potassium iodide, and also
the number of oscillations increases.
We can diﬀerentiate the curves in Figure 2, and get the
new curves of triiodide ion reaction rate (ν) change with
reaction time. The new curves were processed by nonlinear
curve ﬁtting. We got the following equation (1) of triiodide
ion reaction rate changing with reaction time and the initial
concentration of potassium iodide in the oscillation stage:
ν =
d

I3
−
dt
= P Sin

2π(t −18)
T

, (1)
whereP representstheamplitudeofthesinefunction.Thatis
to say, it represents the amplitude of the oscillation reaction.
The value of P is dependent on the initial concentration of
potassium iodide. We observe that P follows the following
equation:
P =− 1.33 × 10
−2 +8 .83 [KI]0 (2)
with the linear correlation coeﬃcient r = 0.969. The linear
range of [KI]0 is 2.72 × 10
−3mol/L–4.08 × 10
−3mol/L. The
range of amplitude P is 1.07 × 10
−2–2.27 × 10
−2, and it
increases with the initial concentration of potassium iodide.
In (1), T represents the period of the sine function. That
is to say, it represents the period of the oscillation reaction.
The value of T is also dependent on the initial concentration
of potassium iodide according to the following equation:
T =− 10.4+8 .02 × 103[KI]0 (3)
with the linear correlation coeﬃcient r = 0.982. The linear
range of [KI]0 is 2.72 × 10
−3mol/L–4.08 × 10
−3mol/L. The
rangeofperiodofoscillationT is11.4–22.3s,anditincreases
with the initial concentration of potassium iodide.
3.3. Chlorine Dioxide Initial Concentration. The reaction
conditions were ﬁxed at [KI]0 = 3.82 × 10
−3 mol/L,
[H2SO4]0 = 3.50 × 10
−3 mol/L, and [MAA]0 = 6.29 ×
10
−3mol/Lw i t hd i ﬀerent [ClO2]0. Figure 3 gives the
absorbance changes with reaction time at 289nm for the
triiodide ion. As shown in Figure 3, the oscillation phe-
nomenon does not occur as long as the reactants are mixed.
There is a preoscillatory or induction period. The oscillation
phenomenon is obvious in the range of 8.43 ×10
−4mol/L 
[ClO2]0  9.51×10
−4 mol/L.Theamplitudeandthenumber
of oscillations are associated with the initial concentration
of chlorine dioxide. As the initial concentration of chlorine
dioxide increases, the amplitude decreases, while the number
of oscillations increases.
We can also diﬀerentiate the curves in Figure 3,a n dg e t
the new curves of triiodide ion reaction rate change with
reaction time. Also, we got (1) of triiodide ion reaction rate
change with reaction time and the initial concentration of
chlorine dioxide in the oscillation stage.
In (1), the value of P is dependent on the initial
concentration of chlorine dioxide according to the following
equation:
P = 0.103 −96.9[ClO2]0 (4)
with the linear correlation coeﬃcient r = 0.972. The linear
rangeof[ClO2]0 is8.43×10
−4mol/L–9.51×10
−4mol/L.The
rangeofamplitudeP is2.13×10
−2–1.08×10
−2 anddecreases
with the initial concentration of chlorine dioxide.4 The Scientiﬁc World Journal
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Figure 3: The absorbance versus reaction time at 289nm for
the triiodide ion: [MAA]0 = 6.29 × 10
−3 mol/L, [H2SO4]0 =
3.50 × 10
−3 mol/L, [KI]0 = 3.82 × 10
−3 mol/L, [ClO2]0 = 8.43 ×
10
−4 mol/L(curv e1),8.52×10
−4 mol/L(curv e2),8.76×10
−4 mol/L
(curve 3), 9.02×10
−4 mol/L( c u rv e4 ) ,9 .11×10
−4 mol/L( c u rv e5 ) ,
9.26 ×10
−4 mol/L( c u r v e6 ) ,9 .51 ×10
−4 mol/L( c u r v e7 ) .
In (1), the value of T is also dependent on the initial
concentration of chlorine dioxide according to the following
equation:
T = 61.2 −4.88 ×104[ClO2]0 (5)
with the linear correlation coeﬃcient r = 0.980. The linear
rangeof[ClO2]0 is8.43×10
−4mol/L–9.51×10
−4mol/L.The
range of period of oscillation T is 20.1–14.8s and decreases
with the initial concentration of chlorine dioxide.
3.4.MAAInitialConcentration. ForthereactionofClO2-KI-
MAA in H2SO4 medium, the reaction condition was ﬁxed
at [KI]0 = 3.82 × 10−3 mol/L, [ClO2]0 = 3.40 × 10−4 mol/L,
and [H2SO4]0 = 4.21 × 10−3 mol/L with diﬀerent [MAA]0.
Figure 4 gives the absorbance changing with the reaction
time at 289nm for the triiodide ion. As shown in Figure 4,
the oscillation phenomenon does not occur as long as the
reactants are mixed. There is a preoscillatory or induction
period. The oscillation phenomenon is obvious in the range
of 5.66 × 10−3 mol/L  [MAA]0  7.24 × 10−3 mol/L. The
amplitude and the number of oscillations are associated with
theinitialconcentrationofMAA.Astheinitialconcentration
of MAA increases, the amplitude also increases, but the
number of oscillations decreases.
We can also diﬀerentiate the curves in Figure 4,a n dg e t
the new curves of triiodide ion reaction rate change with
reaction time. Also, we got (1) of triiodide ion reaction rate
change with reaction time and the initial concentration of
MAA in the oscillation stage.
In (1), the value of P is dependent on the initial
concentration of MAA according to the following equation:
P =− 7.42 × 10
−2 +1 5 .6[MAA]0 (6)
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Figure 4: The absorbance versus reaction time at 289nm for
the triiodide ion: [ClO2]0 = 3.40 × 10−4 mol/L, [H2SO4]0 =
4.21 × 10−3 mol/L, [KI]0 = 3.82 × 10−3 mol/L, [MAA]0 = 5.66
× 10−3 mol/L (curve 1), 5.98 × 10−3 mol/L (curve 2), 6.29 ×
10−3 mol/L (curve 3), 6.61 × 10−3 mol/L (curve 4), 6.92 ×
10−3 mol/L (curve 5), 7.08 × 10−3 mol/L (curve 6), 7.24 ×
10−3 mol/L (curve 7).
with the linear correlation coeﬃcient r = 0.975. The linear
range of [MAA]0 is 5.66 × 10−3 mol/L–7.08 × 10−3 mol/L.
The range of amplitude P is 1.41 × 10−2–3.62 × 10−2 and
increases with the initial concentration of MAA.
In (1), the value of T is also dependent on the initial
concentration of MAA according to the following equation:
T = 32.6+8 .41 ×103[MAA]0 (7)
with the linear correlation coeﬃcient r = 0.998. The linear
range of [MAA]0 is 5.66 × 10−3 mol/L–7.08 × 10−3 mol/L.
The range of period of oscillation T is 15.0–26.9s and
increases with the initial concentration of MAA.
3.5. Sulfuric Acid Initial Concentration. The reaction condi-
tions were ﬁxed at [MAA]0 = 6.29 × 10−3 mol/L, [ClO2]0
= 3.86 × 10−4mol/L, and [KI]0 = 3.82 × 10−3 mol/L while
the initial sulfuric acid concentration was varied. Figure 5
gives the absorbance change with reaction time at 289nm
for the triiodide ion. As shown in Figure 5, the oscillation
phenomenon does not occur as long as the reactants are
mixed. There is a preoscillatory or induction period. The
oscillation phenomenon is obvious in the whole range of
[H2SO4]0 = 3.50 × 10−3 mol/L–7.71 × 10−3 mol/L. The
amplitude is large at the beginning stage then decreases with
reaction time. Finally, the oscillation ceases suddenly. The
number of oscillations increases with the increase of the
initial concentration of sulfuric acid.
Diﬀerentiation of the curve in Figure 5 yields new curves
and we can get (1) for the reaction rate changes with reaction
time and theinitial concentrationofH2SO4 intheoscillation
stage.The Scientiﬁc World Journal 5
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Figure 5:Theabsorbanceversusreactiontimeat289nmforthetri-
iodideion:[MAA]0 =6.29 ×10−3 mol/L,[KI]0 =3.82 ×10−3 mol/L,
[ClO2]0 = 3.86 × 10−4 mol/L, [H2SO4]0= 3.50 × 10−3 mol/L (curve
1), 4.21 × 10−3 mol/L (curve 2), 4.91 × 10−3mol/L (curve 3),
5.61 × 10−3 mol/L (curve 4), 6.31 × 10−3 mol/L (curve 5), 7.01 ×
10−3 mol/L (curve 6), 7.71 × 10−3 mol/L (curve 7).
In (1), the value of P is dependent on the initial concen-
tration of H2SO4 according to the following equation:
P = 3.16 × 10
−2 − 2.76[H2SO4]0 (8)
with the linear correlation coeﬃcient r = 0.975. The linear
range of [H2SO4]0 is 3.50 × 10−3 mol/L–7.71 × 10−3 mol/L.
The range of amplitude P is 2.19 × 10−2–1.03 × 10−2, and it
decreases with the initial concentration of H2SO4.
In (1), the value of T is also dependent on the initial
concentrationofH2SO4 accordingtothefollowingequation:
T = 39.0 −3.40 ×103[H2SO4]0 (9)
with the linear correlation coeﬃcient r = 0.963. The linear
range of [H2SO4]0 is 3.50 × 10−3 mol/L–7.71 × 10−3 mol/L.
The range of period of oscillation T is 27.1–12.8s, and it
decreases with the initial concentration of H2SO4.
3.6. The Inﬂuence of Dilution. In order to investigate the
inﬂuence of the reactant concentrations on the oscillation,
experiments were carried out by ﬁxing [H2SO4]0 = 3.50 ×
10−3mol/L and [MAA]0 = 6.29 × 10−3mol/L keeping the
molarratioof[ClO2]0/[KI]0 =0.115,andchangingtheinitial
concentrations of chlorine dioxide and potassium iodide at
the same time. Figure 6 gives the absorbance change with
reaction time at 289nm for the triiodide ion at diﬀerent
initial concentrations of chlorine dioxide and potassium
iodide. As shown in Figure 6, the oscillation phenomenon
occurs in the whole range of [ClO2]0 = 4.01 × 10−4mol/L–
5.29 × 10−4mol/L and [KI]0 = 3.48 × 10−3mol/L–4.59 ×
10−3mol/L. There is a preoscillatory or induction period;
when the initial concentrations of chlorine dioxide and
potassium iodide are higher, the oscillation phenomenon is
more obvious and regular. The amplitude decreases and the
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Figure 6: The absorbance versus reaction time at 289nm for the
triiodide ion: [ClO2]0/[KI]0 = 0.115, [MAA]0 = 6.29 × 10−3mol/L,
[H2SO4]0 = 3.50 × 10−3mol/L, [ClO2]0 = 4.01 ×10−4mol/L, [KI]0
= 3.48 × 10−3mol/L (curve 1); [ClO2]0 = 4.21 × 10−4mol/L, [KI]0
= 3.65 × 10−3mol/L (curve2); [ClO2]0 = 4.40 × 10−4mol/L, [KI]0 =
3.82 × 10−3mol/L (curve 3); [ClO2]0 = 4.60 × 10−4mol/L, [KI]0 =
3.99 × 10−3mol/L (curve 4); [ClO2]0 = 4.70 × 10−4mol/L, [KI]0 =
4.08 × 10−3mol/L (curve 5); [ClO2]0 = 4.89 × 10−4mol/L, [KI]0 =
4.25 × 10−3mol/L (curve 6); [ClO2]0 = 5.09 × 10−4mol/L, [KI]0 =
4.42 × 10−3mol/L (curve 7); [ClO2]0 = 5.29 × 10−4mol/L, [KI]0 =
4.59 × 10−3mol/L (curve 8).
number of oscillations increases along with the increase of
the initial concentration of chlorine dioxide and potassium
iodide.
3.7.pHValue. Thereactionconditions wereﬁxedat[MAA]0
= 6.29 × 10−3mol/L, [ClO2]0 = 5.96 × 10−4mol/L, and [KI]0
= 3.82 × 10−3mol/L while the pH value was varied. Figure 7
gives the absorbance change with reaction time at 289nm
for the triiodide ion. As shown in Figure 7, the oscillation
phenomenon does not occur as long as the reactants are
mixed. There is a preoscillatory or induction period. The
oscillation phenomenon is obvious in the whole range of
pH = 2.2–4.0. At pH values above 4.0, it is diﬃcult to
observe the oscillation (see curve 6). The amplitude is large
at the beginning stage then decreases with reaction time.
Finally, the oscillation ceases suddenly. The amplitude and
the number of oscillations are associated with the pH value.
As the pH value increases, the amplitude increases, but the
number of oscillations decreases.
3.8. The Inﬂuence of Temperature on the Oscillation. Figure 8
gives the absorbance changes with reaction time at 289nm
for the triiodide ion. The reaction conditions were ﬁxed at
[ClO2]0 = 1.92 × 10−3 mol/L, [MAA]0 = 3.93 × 10−3 mol/L,
[H2SO4]0 = 4.14 × 10−3 mol/L, and [KI]0 = 3.22 ×
10−3 mol/L. Five oscillation curves were obtained in the
temperature range of 25◦Ct o5 5 ◦C. As shown in Figure 8,
boththeinductionperiodandtheoscillationperioddecrease
withtheincreasingofreactiontemperature.Theexperiments6 The Scientiﬁc World Journal
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Figure 7: The absorbance versus reaction time at 289nm for
the triiodide ion: [MAA]0 = 6.29 × 10−3mol/L, [KI]0 = 3.82 ×
10−3mol/L, [ClO2]0 = 5.96 × 10−4mol/L, pH = 2.2 (curve 1), 2.6
(curve 2), 3.0 (curve 3), 3.6 (curve 4), 4.0 (curve 5), 4.6 (curve 6).
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Figure 8: The absorbance versus reaction time at 289nm for
the triiodide ion: [ClO2]0 = 1.92 × 10−3 mol/L, [MAA]0 = 3.93
× 10−3 mol/L, [H2SO4]0 = 4.14 × 10−3 mol/L, [KI]0 = 3.22 ×
10−3 mol/L, 25◦C( c u r v e1 ) ,3 0 ◦C( c u r v e2 ) ,3 5 ◦C( c u r v e3 ) ,4 5 ◦C
(curve 4), 55◦C( c u r v e5 ) .
show that oscillation reaction can be accelerated by increas-
ing reaction temperature, but oscillation life is shortened.
According to the Arrhenius equation
k = A ·e
−Ea/RT, (10)
taking the logarithm of (10)
lnk = lnA −

Ea
RT

, (11)
lnk ∼ (1/T) should be linear relationship. The slope is
−Ea/R. Thus, the activation energy Ea can be calculated.
Table 1: The induction time (tu) and the oscillation period (tz)a t
various reaction temperatures.
Reaction temperature (K) 298.0 303.0 308.0 318.0 328.0
tu (s) 10.0 9.0 7.0 5.0 4.0
tz (s) 6.0 5.0 5.0 4.0 3.0
The aim of the experiment is to study the apparent
activation energy (Eu) in terms of the induction period and
theapparentactivationenergy(Ez)intermsoftheoscillation
period in the oscillation reaction. The induction time (tu)
andtheoscillationperiod(tz)canbeobtainedfromFigure 8.
Therefore, (11)c a nb ew r i t t e na s
ln

1
tu

= lnA −

Eu
RT

,
ln

1
tz

= lnA −

Ez
RT

.
(12)
ln(1/tu) ∼1/T and ln(1/tz) ∼1/T should be linear relation-
ships, respectively. Thus, the apparent activation energies Eu
and Ez can be calculated, respectively.
Table 1 gives the induction time (tu) and the oscillation
period (tz) at various reaction temperatures. Figure 9 shows
the linear ﬁtting of ln(1/tu)v e r s u s1 / T. Figure 10 shows the
linear ﬁtting of ln(1/tz)v e r s u s1 / T. Therefore, (12)c a nb e
written as
ln

1
tu

= 8.185 − 3129

1
T

, (13)
ln

1
tz

= 5.335 − 2123

1
T

. (14)
The linear correlation coeﬃcient of (13) is 0.994. By
usingtheslopeof (13),wecanobtaintheapparentactivation
energy (Eu) in terms of the induction period is 26.02KJ/mol.
The linear correlation coeﬃcient of (14) is 0.982. By using
the slope of (14), we can get that the apparent activation
energy(Ez)intermsoftheoscillationperiodis17.65KJ/mol.
The apparent activation energy of the oscillation reaction is
relatively small.
3.9. Online FTIR Analysis during the Oscillation Reaction.
Figure 11 gives the 3D online infrared spectrum during the
oscillation reaction. In Figure 11, the strong absorption near
3307cm−1 is assigned to the O–H stretching of water. The
strong absorption near 1652cm−1 is assigned to the H–O–H
bending of water.
Two intermediates were detected automatically dur-
ing the online FTIR analysis, and their FTIR spectra
were obtained. In the FTIR spectrum of intermediate
1( Figure 12), the absorption near 1747cm−1 (peak 1)
is assigned to the C=O stretching. The absorption near
1652cm−1 (peak2)and1629cm−1 (peak3)isassignedtothe
C=O stretching of an enol isomer of keto-enol tautomerism.
The absorptions near 1544, 1525, and 1513cm−1 (peak 4–
6) are assigned to the C=C stretching of the enol isomer
of keto-enol tautomerism. The absorption near 1031cm−1
(peak 7) is assigned to the O–H in-plane deformation in theThe Scientiﬁc World Journal 7
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Figure 11: The 3D online infrared spectrum during the oscillation
reaction.
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Figure 12: FTIR spectrum of intermediate 1.
enol isomer of keto-enol tautomerism. In the FTIR spectrum
of intermediate 2 (the ﬁgure is omitted), the absorption near
1652cm−1 is assigned to the C=O stretching of the iodine-
substituted keto isomer of keto-enol tautomerism.
Figures 13 and 14 give the relative concentrations (c)
of intermediates 1 and 2 versus reaction time. As shown
in Figure 13, the relative concentration of intermediate 1
decreaseswithreactiontime.Thatistosay,theconcentration
of enol isomer decreases during the oscillation reaction. As
shown in Figure 14, the relative concentration of interme-
diate 2 increases with reaction time. That is to say, the
concentration of iodine-substituted keto isomer increases
during the oscillation reaction.
According to the literature [12] the behavior of ClO2-I−-
MAA chemical oscillatory reaction system can be modeled
by a simple scheme consisting of three component reactions.
The reactions should be as follows
ClO2 +I
− −→ ClO2
− +1 /2I2 (15)
ClO2
− +4I
− +4 H + −→ Cl
− +2 I 2 +2 H 2O (16)
CH3COCH2COOCH3 +I 2
−→ CH3COCHICOOCH3 +I
− +H + (17)
For reaction (17) ,w ep r o p o s e das c h e m ea ss h o w ni n
reactions (R4)–(R6) based upon the concentration changing
trends of the two intermediates in Figures 13 and 14 and in
consideration literature [25]. In aqueous solutions putting
into the base shown in reaction (R5)m a yb ew a t e ro rh a l i d e
ions which are suﬃciently basic to act as shown in [26]. One
possibility is that either reaction (R5)o r( R6) can be a rate-
determining step:
O
C
O
CH3C CH2 OCH3 + HX
CC
O
CH2 CH3 OCH3 + X−
+ OH
(R4)8 The Scientiﬁc World Journal
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Figure 13: The curve of intermediate 1 relative concentration ver-
sus reaction time.
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Figure 14: The curve of intermediate 2 relative concentration ver-
sus reaction time.
slow
(Intermediate 1: enol isomer)
H+ CC
OH O
CH CH3 OCH3 + base
CC
O OH
CH2 CH3 OCH3 + base
+
(R5)
(Intermediate 1: enol isomer)
OCH3 + I2 C
OH
C
O
CH CH3
(Intermediate 2: iodine-substituted keto isomer)
OCH3 + HI C CHI C
OO
CH3
(R6)
4. Conclusion
The initial concentrations of methyl acetoacetate, chlorine
dioxide, potassium iodide, and sulfuric acid have great inﬂu-
ence on the oscillation at 289nm. There is a preoscillatory
or induction period. Equations for the triiodide ion reaction
ratechangeswithreactiontimeandtheinitialconcentrations
in the oscillation stage were obtained. Oscillation reaction
can be accelerated by increasing temperature. The apparent
activation energy in terms of the induction period or the
oscillation period was calculated. The intermediates were
detected by the online FTIR analysis. Based upon the
experimental data in this work and in the literature, a plau-
sible reaction mechanism was proposed for the oscillation
reaction.
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